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(57) Abstract: Display device based on layer displacement having a perforated white substrate (14) positioned close to a transparent 
^ substrate (4). Layer (fluid) displacement such as oil movement results in the (colored) oil film (5) being pumped in a controlled 
Q manner above the white substrate. Fluids of three subtractive colors can be independendy pumped to separate spaces. Based on 
^ the color strength of the used fluids good color rendition can be obtained for a flow channel thickness of less than 25 microns and 

therefore a total pixel thickness including the sub pixel reservoirs of less than 200 microns. 
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Display device 



The invention relates to a display device comprising picture elements having 
at least one first fluid and a second fluid immiscible with each other within a space between a 
first transparent support plate and a second support plate, the second fluid being 
electroconductive or polar. 
5 Display devices like TFT-LCDs are used in laptop computers and in 

organizers, but also find an increasingly v/ider application in GSM telephones. Instead of 
LCDs, for example, (polymer) LED display devices are also being used. 

Apart from these display effects which are well established by now other 
display techniques are evolving like electrophoretic displays, which are suitable for paper 
10 white applications. 

The display device according to the invention comprises an intermediate 
substrate between the first support plate and the second support plate, the intermediate 
substrate having a reflective sur&ce at the side of the first support plate and being provided 
with at least one passage between spaces at both sides of the intermediate substrate, the 
1 5 device comprising means for introducing flow of the first fluid through said passage. 

The invention is based on a principle called electro-wetting. The invention 
provides new ways of usmg fliis principle. 

If for instance a (first) fluid is a (colored) oil and tiie second (the other) fluid is 
wator (due to interfacial tensions) a two layer system is provided which comprises a water 
20 layer on top of the oil layer. However, if a voltage is applied between the water layer and an 
electrode on a wall or a support plate, the stack of fluid layers is perturbed due to electrostatic 
forces. Since parts of the water now displace the oil layer the picture element becomes partly 
transparent 

The contrast is limited by the fiiaction of area occupied by (first) fluid 

25 ((colored) oil). 

A further limitation is that a color display with a high brightness caimot be 
realized without special measures since each area of the display can only reflect one of the 
three colors desired to obtain the proper color performance. By providing spaces for each 
color at both sides of the intermediate substrate with at least one passage between said spaces 
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one can obtain a high brightness reflective display while preventing mixing of the colored 
oils. 

5 These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiments described hereinafter. 
In the drawings: 

Fig. 1 is a diagrammatic cross-section of a part of a display device in which 
the principle of electrowetting is explained 
10 Fig. 2 is a diagrammatic cross-section of a part of a display device according 

to the invention. 

Fig. 3 is a diagrammatic cross-section of a part of a color display device 
according to the invention, while 

The Figures are diagrammatic and not drawn to scale. Corresponding elements 
15 are generally denoted by the same reference numerals. 

Fig. 1 shows a diagrammatic cross-section of a part of a display device 1 . 
Between two transparent substrates or support plates 3, 4 a first fluid 5 and a second fluid 6 
20 are provided, which are immiscible with each other. The first fluid 5 is for instance an alkane 
like hexadecane or as in this example a (silicone) oil. The second fluid 6 is electroconductive 
or polar, for instance water or a salt solution (e.g. a solution of KCl in a mixture of water 
and etiiyl alcohol). 

In a first state, when no external voltage is applied (Fig. la) the fluids 5, 6 
25 adjom the first and second transparent support plates 3, 4 of e.g. ghiss or plastic. On the first 
support plate 3 a transparent electrode 7, for example mdium (tin) oxide is provided and a 
hydrophobic insulator layer 8, in this example an amorphous fluoropolymer (AF1600). The 
device further comprises a white reflector lOWhen a voltage is applied (voltage source 9) 
between the fluid layer 6 and die transparent electrode 7 via interconnections 21, 20, 
30 displacement of the layer 5 occurs due to a phenomenon called electrowetting. As a very 

important aspect it was found that reversible switching between a continuous film 5 covering 
the support plate 3 and a fihn adjoining the wall 2 is achieved by means of the electrical 
switching means (voltage source 9). 
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The switching now occurs between a first state (Fig. la) in vMch (a part of the 
spectrum of) the light is hardly or not reflected (arrows 1 1) and a second state (Fig. lb) in 
which a small part of the display cell does not reflect (a part of the spectrum of) the light 
(arrows 1 1), while the remainder of the display cell does reflect (white) light (arrows 12). 
S Fig. 2 shows a diagrammatic cross-section of a part of a display device viz. a 

display cell 1 according to the invention. An intermediate substrate forming a white reflector 

14 now is provided between the transparent substrates or support plates 3, 4. According to the 
invention one or more flow channels or passage 13 are provided between spaces 15, 16 at 
both sides of the white reflector 14 (intermediate substrate). By introducing a voltage 

10 between the two fluid layers displacement of the layer 5 occurs again, in this case by 

introducing flow of the fluid 5 through one of the said passages, at least partly into the space 

15 between the intermediate substrate 14 and the first supporting plate 4. 

To control the direction and movement of the liquids in the flow chamels or 
passages 13, it may be necessary to choose materials with the right surface properties for the 

15 pixel definition. For instance, one pixel wall could be hydrophilic, whereas the opposite pixel 
wall could be hydrophobic. 

The switching now occurs between a first state (Fig. 2a) in vMch (white) light 
is reflected (arrows 12) ov^ tiie fiill area of the display cell and a second state (Fig. 2b) m 
which a part of die display cell does not reflect (a part of the spectrum of) the light (arrows 

20 1 1), while the remainder of ttie display cell does reflect (white) light (arrows 12). The area of 
the non-reflecting part is dependent on the voltage as supplied by driving apparatus 22 via 
interconnections 21, 20 and may comprise the fidl surface of the display cell. In this way 
switching between black and white is possible and the contrast between bladk and white as 
well as the brightness have improved with respect to the embodiment of Figure 1, while at 

25 the same time the possibility of displaying analogue gray-values has been retained In 

addition, this configuration has the advantages that the display cells appears Mdiite when no 
voltage is applied and that the viewing angle is improved further, thanks to the small 
thickness of the intermediate space 15. 

With both display cells illustrated in fig. 1 and fig. 2 only a single color can be 

30 switched. A full-color display could be realized by stacking three of such display cells, 
whereby each of the individual cells absorbs a particular part of the spectrum of the light. 
This can be done for both cells shown in Fig. 1 and Fig. 2. 

Figure 3 shows a further embodiment in which a subtractive color display has 
been realized. In this particular example a display cell of a display device comprises a sub- 
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cell for each of the colors cyan, magenta and yellow having spaces 15C, 15M, 15Y and 16C, • 
16M, 16Y at both sides of flie white reflector 14. 

Spaces 15C, 15M, and 15Y are separated physically ifrom each other by 
transparent substrates 24. Also the spaces 16C, 16M and 16Y should be fabricated such that 

5 no mixing of the differently colored oils will occur. The walls separating these spaces do not 
necessarily have to extend the full space 16 between the intermediate reflector 14 and the 
second supporting plate 3 throughout the entire cell. In fact, leaving a part of the walls high 
enough to contain the oils and low enough such that the second polar fluid 6 is continuous 
through the sub-cells will facilitate the driving of the system. The spaces 15, 16 related to one 

10 specific color are interconnected to each other via channels or passages 13C, 13M, 13Y 
(Figures 3a). When no voltage is applied the spaces 15C, 15M, 15Y remain filled with the 
transparent polar fliiid 6 and the display cell reflects (white) light (arrows 12). 

By introducing a voltage between the fluid layer 6 and the electrode on the 
second supporting plate 3 in each of the spaces 15C, 15M, 15Y displacement of the layers 

15 5C, 5M, 5Y occurs again by introducing flow of the fluids 5 through said passages 13. To 
this end switches 23C, 23M, 23Y are controlled as shown schematically by control line 25 by 
driving apparatus 22 to supply drivmg voltages via interconnections 21, 20. If the voltage is 
sufficiently high the spaces 15C, 15M, 15Y are completely fiUed andthe display reflects no 
light, resulting in a black state (Fig. 3b). By applying intermediate voltages, intermediate 

20 filling and therefore grey-scales can be obtained as shown schematically in Figure 3c. Here, 
the electrode under space 16Y is activated by an intermediate voltage, partly fillmg space 
15Y with liquid 6Y and the display cell partly reflects (white) light (arrows 12) and partly 
absorbs blue light, resulting m a ligjit yellow color. In this way a full-color display with fiill 
gray - scale and hig^ brightness is realized. 

25 The three subtractive colors can be independentiy pumped due to flie separated 

flow chaimels. Based on the color strength of the cunentiy available oils suitable for 
electrowetting, good color rendition can be obtained for a flow channel thickness of less than 
25 microns and therefore a total pixel thickness including the sub pixel reservoirs of less than 
200 microns (not including the thickness of the active electrode layer and substrate). 

30 Of course the invention is not limited to the embodiments as shown. For 

instance, if two or more of the fluids 5 are immiscible the transparent substrates 24 may be 
deleted. Due to the difference in mobility a stackii^ of the fluid layers may be introduced 
then by the driving scheme. 
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The invention resides in each and every novel characteristic feature and each 
and every combination of characteristic features. Reference numerals in the claims do not 
limit their protective scope. Use of the verb '*to comprise" and its conjugations does not 
exclude the presence of elements other than those stated in the claims. Use of the article "a" 
S or "an" preceding an element does not exclude the presence of a plurality of such elements. 
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CLAIMS: 



1 . A display device comprising picture elements (1) having at least one first fluid 

(5) and a second fluid (6) immiscible wifli each other within a space between a first 
transparent support plate (4) and a second support plate (3), the second fluid being 
electroconductive or polar, the device comprising an intermediate substrate (14) between the 
5 first support plate and the second support plate, the intermediate substrate havmg a reflective 
sur&ce at the side of the first support plate and being provided with at least one passage (13) 
between spaces (15, 16) at both sides of the intermediate substrate, the device comprising 
means (9, 20, 21, 22, 23) for introducing flow of the first fluid through said passage. 

10 2. A display device according to Claim 1 in which the device comprises at least 

one furdier transparent substrate (24) between the intermediate substrate and the first support 
plate and with at least one passage (13) between spaces at both sides of the further 
transparent substrate and spaces (IS, 16) between the intermediate substrate and the second 
support plate. 

15 

3. A display device according to Claim 1 in which the device comprises two 
further transparent substrates between the intermediate substrate and the first support plate, 
defining three spaces and with at least one passage between each of said spaces and spaces 
between the intermediate substrate and the second support plate. 

20 

4. A display device according to Claun 1 in which mutually separated spaces at 
both sides of the fiirdier transparent substrate and corresponding mutually spaces between the 
intermediate substrate and the second siq)port plate comprise first fluids of different colors. 
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